Abstract-In wireless sensor networks (WSNs) energy balancing and energy efficiency are the key requirements to prolong the network lifetime. In this paper, we investigate the problem of energy hole, where sensor nodes located near the sink or in some other parts of the network die very early due to unbalanced load distribution. Moreover, there is a dire need to utilize the energy resource efficiently. For this purpose, a balanced energy consuming and hole alleviating (BECHA), and energy-aware balanced energy consuming and hole alleviating (EA-BECHA) algorithms are proposed, not only to balance the load distribution of entire network, but also to utilize the energy resource efficiently. This work mainly adopts data forwarding and routing selection strategy for the entire network. An optimal distance and energy-based transmission strategy which is free of location error is adopted to forward the different size of data to the neighbors by selecting the optimal forwarder. Finally, the simulation results validate the proposed schemes by showing improvement in network lifetime, energy balancing and enhanced throughput.
I. INTRODUCTION
Wireless sensor networks (WSNs) have attracted the attention of worldwide industries, environment monitoring and military surveillance [1] - [3] . These networks are indisputably of interest because of the data gathering in hostile, harsh and remote areas. A WSN consists of many to one data collecting pattern, where higher degree of density and limited batterypowered sensor nodes are deployed around a sink. Energy is majorly used by these sensor nodes in data transmission, which is a limited and precious resource [4] , [5] . This many to one communication, logical ring topology and random deployment of sensor nodes lead to serious energy and coverage hole problem. Sensor nodes located near the sink will deplete their energy much swiftly as compared to the nodes far away from the sink. Moreover, the energy of sensor nodes located in some other parts of the network also drain out very quickly [6] . This consistent use of energy causes the death of sensor nodes. The premature death of sensor nodes will disjoint the whole network and leads to energy hole problem [7] - [9] . Therefore, energy balancing is the key concern in maximizing the lifetime of a network. In multihop transmission strategy, two conclusions can be deduced. 1) The transmitted data is mainly distributed in the first radius of the sink. It is because of the fact that smaller the transmission range more data is forwarded by the sensor nodes located near the sink. However, when the transmission range increases, most of the data is transmitted directly to the sink by nodes which have sink in their transmission range. Therefore, the load on the first corona nodes become decreases and consequently, increases on the outer coronas nodes. 2) Sensor nodes which consume most of the energy always appear near the sink. The size of the data is decreased dramatically when the distance from the sink increases. Moreover, the smaller is the transmission range more data would be transmitted. Therefore, it can be concluded that energy consumption is mainly dependent on the data size and the distance between them [10] . An efficient transmission strategy plays an important role in maximizing the lifetime of a network, which is dependent on the life of sensor nodes deployed in that network. To maximize the network lifetime it is necessary to minimize the death rate of these sensor nodes. The death of the sensor nodes is mainly caused by the exhaustion of energy due to unbalanced load distribution. This premature death of sensor nodes will lead to serious energy and coverage hole problem. To avoid the energy hole problem around the sink, a wireless sensor network energy hole alleviating (WSNEHA) algorithm is proposed in [11] . The energy consumption of first radius sensor nodes is balanced by the algorithm. However, the energy consumption of sensor nodes located in the other coronas except the first corona is also very uneven. Moreover there is dire need to utilize the energy resource efficiently. In order to achieve high throughput while being energy efficient, it is necessary to acquire an optimal distance which is free of location error. For this purpose, an energy condition mean square error algorithm is proposed in [15] which considers a distance-based metric to enhance the throughput. Although the algorithm achieves high through, though energy hole problem is emerged due to the iterative selection of sensor nodes. To achieve an optimal distance which is free of location error while being energy efficient and energy balanced. We propose a balanced energy consuming and hole alleviating (BECHA) algorithm to balance the load distribution of entire network. Our first contribution is to extend the work of WSNEHA algorithm by balancing the load of entire network. While in second contribution i.e., an energy-aware balanced energy consuming and hole alleviating algorithm (EA-BECHA), our aim is to enhance the throughput and prolong the network lifetime through efficiently utilizing the energy resource. Rest of the paper is organized as follows. Section II represents a brief summary of literature review. Section III describes the system model, while the description of proposed algorithms is presented in section IV. The performance evaluation is given in section V. Finally, the summary of contributions along with future work is concluded in section VI.
II. RELATED WORK
In order to balance the energy consumption and alleviate the energy hole, different algorithms are discussed in the literature review. To mitigate the uneven energy consumption disparate approaches are adopted not only to balance the overall energy dissipation but also to increase the network lifetime and throughput. A distributed coverage hole repair algorithm (HORA) for WSNs is proposed by the authors in [12] , which considers the mobility of sensor nodes. To maximize the coverage area by minimizing the overlapping region each sensor node checks its status of either cross triangle (CT), hidden cross triangle (HCT), and non-cross triangle (NCT) node. The neighbor nodes with higher overlapping region will move first to repair the hole. A mobile node is selected on the bases of higher degree of overlapping region and by the condition that its existing connectivity and coverage may not be disturbed. The algorithm ensures no more coverage hole creation, outperforms in network lifetime and achieves more throughput. However, HORA is not suitable for delay sensitive applications due to the hole repair process. In [13] , the authors propose a spherical hole repair technique (SHORT) to repair the coverage and energy holes problem in underwater wireless sensor networks (UWSNs). The proposed technique is composed of three phases; knowledge sharing phase (KSP), network operation phase (NOP), and hole repair phase (HRP). Similarly, the nodes with higher degree of overlapping region are responsible for repair of energy and coverage holes. The results show good improvement in term of energy consumption and network lifetime with trade-off of high end-to-end delay. An optimal distance-based transmission strategy (ODTS) using ant colony optimization (ACO) is proposed in [14] . The algorithm introduces two notions i.e., most energy efficient distance (MEED), and most energy balance distance (MEBD). The local optimal transmission distance is determined by MEED, while the global optimal transmission distance is achieved by balancing the load of all nodes through MEBD. Although, ODTS balances the energy consumption of entire network and efficiently utilizes the energy resource. Therefore, network lifetime maximization is achieved through energy balancing. However, the proposed algorithm is inefficient for random and sparse deployment; moreover, the energy hole problem is emerged due to the iterative selection of nodes. In [16] , authors propose a power saving mobicast routing protocol for UWSNs to mitigate the energy hole problem, which is caused by the ocean current and non-uniform deployment of sensor nodes. To overcome the energy hole problem 3-D zone of relevance (3-D ZOR t ), 3-D zone of forwarding (3-D ZOF t+1 ) and an apple peel technique is introduced. The energy hole problem is eliminated through expending the adaptive segments, while the energy efficiency is achieved by the collection of data through mobile autonomous underwater vehicles (AUVs). The algorithm efficiently maximizes the coverage area by covering the hole region, and also maximizes the packet delivery ratio. However, if the location of nodes is not predetermined then the algorithm will not perform well. Moreover the algorithm also pay cost due to message overhead. A geographic and opportunistic routing protocol (GEDAR) based on depth-adjustment control strategy for recovery of void nodes is proposed by the authors in [17] . GEDAR uses greedy forwarding strategy for finding the neighbors and adjust the depth of void nodes either by buoyancybased or winch-based. Although, the algorithm outperforms in packet delivery ratio, and less number of re-transmissions. However, the geographic and opportunistic routing protocols are resilient to location error and leads to high end-to-end latency. Furthermore, the algorithm utilizes high energy due to multiple data packets sending to neighbors, and also due to void node recovery procedure. To avoid the energy hole problem in UWSNs, the authors propose balanced routing (BR) scheme in [18] . To mitigate the energy hole problem around the sink, data of the 1 st corona node is allocated to the 2 nd corona node using twohop transmission range (2r). Although, the algorithm alleviates the energy hole problem in the first corona; however, the corona two which is the two-hop neighbor of sink treats as the one-hop neighbor of sink, which leads to load imbalance and creates energy hole problem. In order to alleviate the energy hole problem, a mobile sinkbased adaptive immune energy-efficient clustering protocol (MSIEEP) is proposed in [19] . The adaptive immune algorithm (AIA) based on energy dissipated is used to find the favorable number of cluster heads (CHs); moreover, AIA is also used to supervise the mobile sink about their sojourn location. Although, the algorithm efficiently utilizes the energy resource, prolongs the network lifetime with increase throughput. However, the energy hole problem arises due to unbalanced load distribution. The authors in [20] present a virtual ring routing structure with mobile-sink approach to reduce the hotspot problem. To collect the data from nodes, mobile-sink moves in a predefined path, whereas the recent sojourn location of sink is determined by the high-tier sensor nodes. The low-tier sensor nodes communicate with the high-tier nodes to take the recent location information of sink. Moreover, the anchor nodes which act as relay nodes to sink are also introduced to successfully forward the data packet to sink. The algorithm maximizes the network lifetime by utilizing the energy resource efficiently and also reduces the end-to-end delay. However, due to erroneous location information the algorithm results in low packet delivery ratio. A weighted rendezvous planning (WRP) algorithm based on rendezvous points (RPs) is presented in [21] to reduce the traveling path and energy hole problem. A hybrid moving strategy using mobile-sink is adopted to collect the aggregated data from RPs. While, the nodes advance their data to the nearest RPs using mulihop transmission strategy. Similarly, weights are assigned to each node based on the hop-distance and number of packets in buffer. The selection of RP is conditioned to the weight factor i.e., the node with maximum weight factor is selected as RP. Although, network lifetime is achieved by minimizing the energy consumption. However, the algorithm performs inefficiently for data gathering in void region. Furthermore, due to location error less throughput is achieved.
III. SYSTEM MODEL
We consider a WSN similar to [6] , [14] , where n sensor nodes with homogeneous energy are deployed in circular region around a sink such that each node periodically senses the data from environment and transmits either to next hop neighbors or sink directly.
A. Network model
The network is further divided into N concentric logical circles denoted as 
B. Node attributes
Sensor nodes with density σ are deployed uniform randomly around the sink. The sink is free of energy constraint, while the sensor nodes are attached with limited battery power source. Energy is majorly used in data transmission which is a precious and limited resource. Moreover, sensor nodes are stationary and have the same initial energy and maximum transmission range.
C. Network topology
Let N i be the set of sensor nodes ∀ i = 1, 2, 3, · · · , m, and N j be the one-hop neighbor set of N i , ∀ j = 1, 2, 3, · · · , n, where n represents the total number of neighbors of N i . Let graph G(t)=(V, E(t)) with |V |= N i represents the graph at time (t). Two sensor nodes i and j are said to be neighbors when they are directly connected through an edge E ∈ {e ij }. The data transmission is said to be successful if every sensor node i is connected through a communication channel {e ij } with senor node j onward to sink. The flag ∧ = 0 indicates that the information is not disseminated to its neighbors.
D. Energy consumption model
The energy consumption model of receiving and sending l bits of data at a distance d is given as [10] : 
IV. DESCRIPTION OF PROPOSED ALGORITHMS
Initially, the network is configured and the sensor nodes are deployed uniform randomly. Each node is informed of network topology i.e., residual energy and data size etc. The data generated and different data size forwarded by each corona's nodes is calculated in phase I, whereas the energy loss by these transmissions is given in phase II.
A. The BECHA
In order to balance the load distribution of entire network, the work of WSNEHA is extended to n th corona. The network model of the proposed algorithm is shown in Fig. 2 . As it is clear from the depicted figure that the data is transmitted conditioned to the i th and i th − 1 corona nodes' energy level. After qualifying the condition different size of data is transmitted to the receiver node. Similarly, the process repeats until the data is reached to the sink successfully.
1) Data transmission:
The data packet is transmitted one after another in order from the largest to smallest corona in multi-hop communication manner. Specifically, the sensor nodes in the outermost corona send their data firstly to the adjacent neighbors. Similarly, the process is iterated until the data is successfully delivered to the sink. The sensor nodes located in the inner coronas are responsible for the transmission of aggregated data as a composite data (data generated plus received data). Therefore, more energy is consumed by the inner coronas' sensor nodes. Moreover, there exist local maximum energy consuming and minimum energy consuming nodes in each corona. For this purpose, the BECHA algorithm is proposed to balance the load distribution between each corona's local maximum and local minimum energy consuming nodes according to theorem-1. It is obvious that the sensor node which participates more in the data transmission consumes their energy more quickly. Moreover, energy consumption is directly proportion to the data size and distance between the sender and receiver nodes i.e., greater amount of energy is consumed by forwarding more data and less amount of energy is dissipated by forwarding less data. As their relation is discussed in [11] is simplified as:
where ΔD x t shows different size of data to be transmitted according to the energy level of the forwarder nodes. Similarly, ΔE is the corresponding energy that will be consumed on forwarding this data at a distance d.
2) Energy consumption: Different amount of energy is consumed by the sensor nodes which is mainly dependent on the distance and data size. More is the transmission distance and packet size more will be the energy consumed by sensor nodes. While less amount is consumed when the distance between the transmitter and receiver is minimum. The BECHA algorithm balances the energy consumption by allocating and forwarding the different amount of data to each corona sensor nodes except the outermost corona. In multi-hop communication, it is obvious that there exist minimum energy consuming nodes and maximum energy consuming nodes. For this purpose, the different load is distributed according to the energy level of i th − 1 corona nodes. Assume that a transmitter node t 1 sends data to a receiver r 1 located at a distance S 1 far from t 1 . It can be concluded that more amount of data is transmitted if the destination changes to the receiver r 2 such that r 2 < r 1 .
B. The EA-BECHA
The goal of the EA-BECHA is to alleviate the energy hole problem by minimizing the energy consumption of those sensor nodes which utilizes the most in all coronas of the network. Moreover, to maximize the network lifetime by utilizing the energy resource efficiently is also the major concern to take under consideration. The task is performed by selecting an optimal forwarder based on high residual energy and optimal distance from the sink which is free of location error, such that:
where N e j shows the energy of neighbor nodes j, and d (i,j) is the corresponding distance between i th and i th − 1 corona nodes. Similarly, Eq. 5 shows that the neighbor node with maximum forwarding factor will be selected as forwarder node. It is obvious that the energy consumption is on peak when the distance between the transmitter and receiver is maximum. Similarly, the large data packet also results in more utilization of energy resource, and contrary. Therefore, the optimal forwarder is selected on the bases of high residual energy and minimum optimal distance from the sink which is free of location error. A routing path at a distance D between a sender and receiver consists of n hops, and n − 1 intervening optimal forwarder nodes [14] . The overall energy dissipation is minimum when each node transmits the data through optimal distance. The total rate of dissipation is given as:
By taking the derivative of Eq. 6 equal to 0, the energy optimal distance (EOD) can be deduced,
1) Data distribution:
The aggregated data is transmitted by the sensor nodes in an efficient manner to achieve both high energy efficiency and good energy balancing. The algorithm allocates different size of data to the minimum energy consuming nodes until the minimums reaches to a predefined equilibrium state. Similarly, the process is iterated for all coronas maximums and minimums consuming nodes.
2) Energy consumption:
The energy consumption of each sensor node is mainly dependent on data size and distance between the transmitter and receiver. In EA-BECHA the energy consumption is efficiently reduced through the optimal forwarding strategy. The optimal forwarder is selected on the bases of optimal distance and high energy level.
V. PERFORMANCE EVALUATION
We perform simulations of our proposed protocols and compare with existing WSNEHA and ECMSE algorithms. The evaluation is measured in term of packet delivery ratio, number of dead nodes and energy consumption. The main parameter setting is summarized in table. II. It is observed that each node except the outer most corona nodes receive cumulative load and forward the aggregated data packets as a composite packet to either sink directly or forward to the next hop forwarding nodes. In order to forward the aggregated data to sink, the sink's proximal neighbors are selected for distribution; consequently, the nodes die very early and causes energy hole problem. The WSNEHA algorithm balances the load between the sink proximal maximum and minimum energy consuming nodes. Similarly, the energy hole problem is emerged in the 2 nd and onward coronas, where unusual consumption of energy occurs due to imbalance load forwarding. Moreover, the network of ECMSE becomes disjoints very early due to the iterative selection of nodes located near the optimal position. To extend the work of WSNEHA algorithm, BECHA is presented. Thereafter, EA-BECHA is proposed to overcome the limitation of ECMSE, and BECHA algorithms. A. Data transmission Fig. 3 shows the data size transmitted by sensor nodes with variable distance from the sink and with different transmission ranges. In multihop communication manner if the transmission range (r) is smaller then all the data is distributed in the first radius range of the sink. The sensor nodes located in this corona communicate directly to the sink and responsible for the transmission of aggregated data packets. Moreover, there exist some maximal energy consuming nodes which participate more in data transmission due to their closeness to the sink. If r is increased then the second corona nodes mainly participates in the load distribution. Similarly, by increasing r the burden on the inner corona nodes become decreases and on the other hand increases on the outer corona nodes. It is due to the fact that by increasing r, the nodes directly communicates with the sink. Consequently, the sensor nodes exhaust their energies more quickly and as a result the energy hole problem is emerged and the network becomes disjoint. For instance, if r = 10, 0.9 * 10 4 bits of data is transmitted to the sink by the first corona nodes. Similarly, when r is on peak very low amount of data is transmitted to the sink. i.e., 0.04 * 10 4 bits.
Therefore, it can be analyzed that r is inversely proportional to the data transmitted and the distance between them. Fig. 4 shows the energy consumption of sensor nodes with varying r and distance from the sink. It is observed that the sensor nodes at smaller distance will participate more in the data transmission as depicted in Fig. 3 . Consequently, the energy exhausts very early due to their closeness. Similarly, if r increases the energy consumption become decreases. For instance, if r = 10, 0.9 * 10 4 bits of data is transmitted with an energy dissipation of 6 mJ. Similarly, when r is on peak i.e., r = 100, 0.1 * 10 4 bits of data is transmitted with energy consumption of 1 mJ as given in table III. 5 exhibits the higher packet delivery ratio of EA-BECHA than that of BECHA, WSNEHA, and ECMSE. At the initial stages all the algorithms have same packet delivery ratio; however, the difference arises after 100 rounds. The EA-BECHA algorithm outperforms due to the fact that each time an optimal forwarder is selected to advance the data packet based on optimal distance and high energy level. As a result, more data is delivered to the sink i.e., 3.5 * 10 4 pkts. Hence, increases the throughput 28%, and 99% more than WSNEHA and ECMSE. On the other hand BECHA performs better than the existing schemes because of its good load balancing ability, whereas WSNEHA has low throughput due to the dis-junction of network caused by the maximal energy consuming nodes located in the 2 nd and onward coronas nodes. Hence, no more data is forwarded to the sink after the energy hole emergence. The ECMSE performs worse because each time the forwarders are selected iteratively, located near the optimal position M , which results in the early exhaustion of energy and creates energy hole. Moreover, the throughput is also affected due to the death of sink proximal neighbors. 
B. Energy consumption

D. Network lifetime and number of dead nodes
The number of dead nodes in each round is shown in Fig. 6 . It is clear from the figure that our proposed schemes outperform the ECMSE, and WSNEHA with considerable margins because of the balanced energy consumption and optimal forwarder selection strategy. The dead nodes ratio of ECMSE increases very sharply because of imbalance load distribution and also due to the selection of longer routing path. Consequently, more energy is exhausted in the transmission phase i.e., the first dead node emerges in 50 th round, and all nodes become dead in 500 rounds. Similarly, due to the energy hole problem caused by the maximal energy consuming nodes in the 2 nd corona and other region nodes, WSNEHA performs low as compared to the proposed algorithms. An improvement in the BECHA which considers the selection of forwarders based on the energy of inner coronas nodes in the packet advancement process. EA-BECHA further decreases the number of dead nodes as depicted in Fig. 6 . It can be seen that the first dead node of WSNEHA appears in the 10 2 rounds. It is due to the fact that load of only first corona nodes is balanced; however, the sensor nodes of second and onward coronas still facing the load imbalance issue. The BECHA algorithm shows improvement in the network lifetime longevity i.e., 13% and 110% more than WSNEHA and ECMSE. Moreover, the first dead node occurs in approximately 2 * 10 2 rounds. While the EA-BECHA outperforms in prolonging the network lifetime i.e., 58% more than WSNEHA and 166% high than the ECMSE. It is due to the fact that the algorithm selects best forwarder for data transmission which is being energy efficient and energy balanced. Also, the task is performed by balancing the load on each corona local maximum and local minimum energy consuming nodes. Fig. 7 shows the energy consumption of sensor nodes with r = 30 and varying distance from the sink. The ECMSE algorithm, consumes more energy in the initial stage because of two reasons. Firstly, the sink's proximal neighbors are responsible for the transmission of aggregated load. Secondly, due to the transmission range i.e., smaller the transmission range more data is forwarded by the sink proximal neighbors. However, the energy consumption decreases by the increase in distance between the sink and the sensor nodes. As it is depicted in the illustrated figure that the energy of sensors in the first corona is balanced by WSNEHA algorithm. However, the remaining nodes of other coronas suffer the problem of imbalance load distribution which results in the early exhaustion of energy. Consequently, the energy hole problem is emerged and results in low network lifetime. The BECHA algorithm efficiently utilizes the energy resource and balances the load distribution of entire network. Whereas, EA-BECHA results in good utilization of energy resource i.e., 25% less than WSNEHA and 51% less than ECMSE because of the fact that in each round an optimal forwarder is selected between the minimum energy consuming nodes which is responsible to forward the different amount of data to the sink. The method, repeats until the minimum energy consuming nodes in each corona reaches an equilibrium state. Energy balancing and energy hole problem are the key issues in maximizing the lifetime of a network. In WSNs due to unbalanced load distribution sensor nodes die very early and leads to energy hole problem. Moreover, due to erroneous location the data is not delivered successfully to the forwarder nodes causing low throughput. To balance the energy consumption efficiently and alleviate the energy hole problem for entire network, we propose BECHA and EA-BECHA algorithms. This work mainly adopts optimal forwarding strategy to utilize the energy resource efficiently and balance the load distribution of entire network. EA-BECHA, reduces the mortality rate of nodes and balances the load distribution efficiently. The algorithm performs more realistic conditioned to the dense deployment of the sensor nodes. Finally, the simulation results indicate effectiveness of the proposed algorithm and shows superiority in network lifetime, and energy efficiency with high throughput. Future work can be made to apply this strategy in UWSNs. The energy hole detection and alleviation become more interesting when the random deployment along drifting is considered in underwater 3-D environment.
E. Energy utilization
